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Final Report On 


1.. PROJECT: No. 44 - Physiological and Operational Characteristics 
of M-2/, Tank. | 3 


a. Authority: Letter, Commanding General, Headquarters Army Gouna 
forces, Army War College, file 470.8 GNROT-691272, dated 17 July 1944. 


b. Purpose: To appraise subject tank from the standpoint of 
physiological characteristics and limitations. 


2. DISCUSSION: 


“ 


a. The detailed results of observations and tests are presented in 
the Appendix. 


3. ONCLUSIONS: 


. ao. Provision for drawing heated air from engine compartment for crew 
Somber tuerit ventilation in winter is potentially dangerous. 


b. Present system of ventilation is inadequate for control of gun f 


. 


“~ 


c. Provisions for close-in. general vision are inadequate. 

d. Driver's vision should be improved. 

e. Fire control provisions are satisfactory except for fact that pres 
arrangement will not accommodate MLO periscopic sight. Head rest adjustment on 


telescope should be improved. 


f. Bow hatch locks for open position not sufficiently positive for 
operation over rough terrain. 


go Effort required to open escape hatch is too great, 
h. Padding around hatch openings is insecurely fastened. 


i. Seat backs are not easily removed and more positive fasteners are 
be pe for seat cushions. oe 


pottace ties 


ao ‘There is insufficient space for accelerator pedal action 


~ 


ms 75 mm gun pace interferes with commander's oy leg. 


he RECOMMENDATIONS : 


a, Eliminate provisions for winter heating of crew compartment whict 
draws air from engine compartment, — is 


b. Provide an independent system of positive-pressure spabloapesiic: fo: 
crew compartment of not less than 800 cfm. ; 


c: ere consideration be given to the development of an improve 
vision cupola with less limited ground vision and installation of vision units 
to provide close ground vision on the loader's side. , 

d. Immediate consideration be given to improvement of driver's vision. 

e. Make provisions for accommodation of MLO periscope sight. | 

f. Improve telescope head rest adjustment. 


go Provide positive locking device for bow hatches when open. 


h. lmprove unlocking device on escape hatch to reduce effort required 
in operating. 


i. Provide positive fasteners on seat cushions. 
je Improve seat back of mounting for easier removal. 
k. Provide more clearance for operations of accelerator pedal. 


1. If possible, dish-in 75 mm gun recoil guard to provide leg room 
for commander. 


m. Re-locate forward turret light fixture to central position shown in | 
Figure 3. ‘ig 
(NOTE) 
The following are the comments and recommendations as.set forth by Headquarte 
Armored Center, Kent C. Lambert, Colonel, Acting Chief of Staff, / 


15° Tie following comments are submitted on the recommendations of the 
Armored Medical Research Laboratory Project No. 44, "Physiological and i lsh 
Characteristics of M-24 Tank": 


ae Paragraph ha. 


The elimination of the carbon monoxide hazard resulting from the | 
present method of winter heating for ae crew compartment is ones mes 35S 
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as not to affect the production rate of Light Tank, M-24. All units now 
- equipped with Light Tank M-24 should be cautioned regarding the carbon monox 
hazard. Action should be taken to insure that the hot air controls remain close 
- except for necessary maintenance operations. 


b. Paragraph 4b. 


(1) The present M-24 Tank has been found to be a fightable vehicle | 
as it now exists, the gun fume hazard having been taken care of by providing for 
operation of the engine at 1500 RPM while the bulkhead doors are open during 
firing of the 75mm gun, as described and approved in paragraph lg, Armored Board 
Project 482, "Test of Light Tank T24 (Firing Phase)" and paragraph 5, 2nd 
indorsement, letter Army Ground Forces, file 470.8 (2 Aug 44) GNROQT-6/91610. 


(2) A blower of not less than 800 CFM capacity should be incorpora od 
in the future production of Light Tank, M-24, in such a manner as not to reduce © 
the production rate. This modification is classified desirable. 


c. Paragraph 4c. e 


The provision of an improved vision cupola in future production is _ 
considered desirable. No vision device which will result in decreasing the armor | 
protection now afforded is considered acceptable, 3 


d. Paragraph 4d. 


Improvement of driver's vision is desirable, but must be accomplished 
without decreasing the armor protection now afforded. 


e. Paragraph 4e. Accommodation of the M10 periscope sight has been pro- 
vided for in paragraph 3, 2nd indorsement, letter Army Ground Forces, file 470.8 
(2 August 1944) GNROT-6/91610, Recent observation of vehicles coming off productior 
line indicate this has not been done. The incorporation of Periscope M10 is con- 
sidered an essential modification of the utmost urgency. Provision for incorporati 
of Periscope M10 should be made without affecting the production rate of Light Tank 
M-24. 


f. Paragraph 4f. - Desirable for future developuent.. 


g- Paragraph 4g. - Positive locking device for bow hatches when open 
is now provided in production model of M-2i, Tank. 


h. Paragraph 4h. - The present unlocking device has been found in some 
instances to require excessive effort to manipulate. It is requested that it be 
investigated and steps be taken to provide a more efficient lock. This is 
classified as desirable. 

i. Paragraph hi. - Desirable for future development. 

je Paragraph 4). - Now included in production tanks. 


k. Paragraph ike - Not concurred in by this headquarters, 
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t concurred in by his headquarters. 
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om. Paragraph 4m. Desirable for future development. 


Submitted by: 


Frederick S, Brackett, Lt. Colonel, Sn C 
Lester B. Roberts, Major, Sn C 

Norton Nelson, Major, Sn C 

Robert H. Walpole, Capt., FA 


APPROVED Weetond Moet 


. WILLARD MACHLE— 
Colonel, Medical Corps ~ 
Commanding ; 
3 Incls: | 
#1 - Appendix 


#2 - Table 1 
#3 - Figs. 1 thru 3 


APPENDIX 


I. VENTILATION 


1. Ventilation of the M24 Tank is of the negative-pressure type. The 
system is more complex than in the M4 series tanks in that the rate of ventil: 
can be varied by adjustment of bulkhead panels. It differs further in that hea 
air from the engine compartment can be delivered into the crew compartment for 
winter operations. No hull ventilators are provided; this fact together with ° 
tightness of the bow and ease of leakage in the turret produces poor distributi 
of air flow through the crew compartment, . An auxiliary fan of limited capacity: 
and reversible in operation is located in the bow. 


2. Control of Gun Fumes. Standard gun fume tests were conducted with the 
ventilation system varied in operation as regularly provided for in the tank, © 
In addition, tests were made with an auxiliary fan of 1000 cfm installed in the | 
bow. Details of tests, results and conclusions follow: hy 


ao Fire Pattern: 


(1) 75 mm gun: The piece was fired at the rate of one (1) round ae 
every 10 seconds in bursts of 5. Two bursts were fired at ay 
5 minute intervals in each test, 


(2) Machine Guns: The machine guns were fired at the rate of ae 
two (2) rounds every 2 seconds. Two belts of 250 rounds were ~ 
fired in each test, about 1 minute being allowed for reloading. — 

(3) Ammunition: 75 mm, Super HE M48. Machine Gun, caliber .30 
ball. 


(1.) Tank Operation: The test conditions were varied as follows: 
(a) Engine speed: dead, 500 rpm, 900 rpm, and 1500 rpm. 
(b) Hatches: Completely closed, and commander's hatch opens 


(c) Bulkhead and floor ports: Summer arrangement with the ‘: 
bulkhead doors open (to last stop on retaining bar) and 

the floor ports closed. Winter arrangement, bulkhead 
doors closed, floor ports open. Heated air from the engi: 
compartment was forced into the crew compartment in the 
latter arrangement. The sliding panels on the bulkhead 
doors were closed in all tests. 


(d) Auxiliary ventilation: Three ,different bow fans were used 
in the tests. (1) original fan, at high speed, intake an 
exhaust, (2) original fan with “the housing replaced by a 
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fan housing from the auxiliary fan of an M5 tank. (This 
housing has two adjustable elbows which permit directing 
the discharge of the fan). Tested at full intake and _ 
full exhaust and with the discharge split between driver — 
‘ and bow gunner and with both discharge openings directed 
to the bow gunner's side. (3) Fan supplied by OCO-D capab: 
of delivering in excess of 1000 cfm. This fan was mounted ~ 
at the center of the upper edge of the bow access plate, 
Tests were run with air flows of 400, 800, and 1000 cfnm. 
This fan was of the axial flow type and draws 29 = 
at 22 volts. 


(e) With a number of the above combinations, tests were run 
both with a machine gun fitted with a #718 muzzle plug 
and with an Ml muzzle plug. The latter produced 3 to 5 
times higher air concentrations of carbon monoxide than 
the former. 


(5) Analysis: Air samples were analyzed for carbon monoxide by the 
MSA indicator, the infrared selective gas recorder, and by 
chemical analysis of collected air in glass flasks. Sampling 
ordinarily consisted of collecting at the loader's breathirig 
zone when firing the turret pieces and at the bow gunner's 
breathing zone when firing the bow machine gun. In some of the 
tests sampling was carried out simultaneously at other crew 
positions, 


b. Results of Tests: 


The results of the tests are assembled in Table 1. It will be noted 
that with the ventilation set for summer operation, it is necessary to increase 
the engine speed to 900 rpm to attain even fair control of fumes, but even then 
the bow condition was not satisfactory. In an effort to correct this difficulty, 
the bow fan housing was changed to the type used in the M5 tank which provided : 
for directed discharge through two adjustable pipes instead of a diffuse discharge. — 
By directing the auxiliary air toward the machine gun it was thought that the * 
local concentration of gas would be diluted and dispersed. Such was the case, 
but the changed pattern of air movement had a secondary effect, namely a deteriora- — 
tion of turret ventilation whicli resulted in excessive CO concentration from the 
75 ma guns. This demonstrated clearly the precariously low ventilation of the a 
tank, and led to the conclusion that the only practicable solution of the problem 
lay.in the direction of providing completely adequate ventilation that would be 
independent of engine speed and that would not require adjustment of a complex. 
group of doors, hatches and fan speeds. 


To this end an axial flow fan supplied by Ordnance was mounted at the ~ 
center of the upper edge of the access plate on the bow slope, a plywood panel 
being substituted in the test for the armor plate. This point of installation 
was chosen as approaching most nearly the location of the bow mushroom ventilator, — 
the logical point of installation. Thig fan was of the axial flow type, had a 
capacity in excess of 1000 cf, drawing 29 amperes at 22 volts. A variable orific 


was mounted over the intake so that the air flow could be controlled. Tests 
run at 3 openings of the orifice, thus providing ventilation at 400, 800, and 
1000 cfm, respectively. Owing to the considerable air leakage of the tank, 
especially around gun and turret ring, no significant positive pressure was 
developed; even with 1000 cfm it.was only 0.04 inch. 


The tests clearly demonstrate that 400 cfm is inadequate, and that 
a minimum of 800 cfm is required. As can be seen from Table 1, carbon monoxide 
was well within the tolerable limit while Sirsa the turret pieces with the = 
engine dead, at 500 rpm, or with the commander's hatch open when 800 cfm was . 
used, The same was true for the bow gun when a #718 muzzle plug was used on 
that piece; however when an Ml plug was used on the bow gun a concentration of 
052% carbon monoxide was found at the bow gunner's position at 800 cfm. Though 
this exceeds the acceptable level (0.05%) for % hour's exposure, it represents 
the lowest concentration found with this muzzle plug in all the test arrange- 
ments studied (excepting 1000 cfm). 
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3. Winter Ventilation. The gun fume problem (see Table 1) does not appear _ 
to be a primary consideration. However, in buttoned-up operation with the winter 
system delivering air into the crew compartment, carbon monoxide was consistently _ 
found in the turret air in concentrations of 0.03 - 0.04% and in ene instance as 
high as 0.06%. These findings in a tank that has seen only slight service 
demonstrate the serious potential hazard of using engine compartment air to heat 
the crew compartment since leakage is bound to increese with use and wear. The 
present system for winter heating, therefore, cannot be accepted. 


II, GENERAL VISION 


The overall limits of close-in ground vision from all the various crew S 
positions are shown in Figure 1 and for the driver in more detail in Figure 2. Peon 
The absence of close-in vision on the right flank and poor vision on the left =a 
are serious faults, especially in view of the probable use of this tank in pad 
Pacific theatres where protection against ground troops is particularly required. _ 
In order to increase the close-in vision, an improved vision cupola for the com- 
mander is needed and rhombic vision units to provide vision within 5 feet of the . 
tank should be installed in the right turret wall for use by the loader. . =e 


Driver's vision is limited by the restricted field of view of the present 
periscope. Wide-field vision units should be provided; for suggested approach to | 
design see AMRL report on Analysis of Physiological Characteristics of TIE] Tank, 
dated 27 March 1944 and report on Driver's Vision in Landing Vehicle Tractor, a 
dated 9 March 1944. eG 


The left side of the wind shield holder bracket obstructs the driver's vision ea 
in open driving. The bracket should be inclined downward, following the forward 
sloping contour of the tank. ; eS 


ae (a eh 
et i 


boo J 


i. 
I 


III. FIRE CONTROL 


No provision is made for MLO periscopic sight; otherwise conditions are 
satisfactory. The positioning of the gunner is good. More convenient adjust— 
ment of telescope head rest is needed. A simple weather guard for the telescop 
sight and operable by the gunner is desired. 


IV. HATCHWAYS 


1, A more positive lock is required for the hatch in the open position to 
prevent release of the hatch when driving over rough terrain. Instances of this 
type of failure have been reported by the Armored Board and there is possibility — 
of severe injury resulting therefrom, 


2. The padding surrounding the bow hatch openings is not well secured and 
had already become loosened in the relatively new tank inspected. 


3. Entirely too much effort ig required to open the escape hatch. The ot 
required pull should not exceed 40 pounds, as previously recomnended (see Letter _ 
Report to CG, AGF, Requirements Section, dated 15 September 1944). 


V. SEATS 


Height adjustments satisfactory. The seat backs were difficult to remove. 
Since this feature is provided primarily as a safety measure to permit rapid 
movement within the tank in an emergency, it is evident that ease of operation 
is essential. More adequate fasteners should be provided for seat cushions, S 
If more certain snap fasteners cannot be obtained then belt buckle type fasteners 
should be applied on the under side of the cushion. Although this is less con— ~ 
venient than use of snap fastener, it would be better than having the cushions 
become loose and mat up, as is now the case, 


VI. CONTROLS 


1. The accelerator pedal should have a guard on the right side and/or the 
linkage guide arm moved interference in depressing pedal. With the present = 
arrangement, men with large shoes and wearing arctics can operate the accelerator _ 
only by applying pressure almost entirely on the right side of the foot. ae 


2. The 75 ma gun recoil guard should be dished in, if possible, to allow 
for more room for commander's right leg. 


3. The present fibre lock nut on the manual traverse worked loose, causing 
increase in brake adjustment. A positive locking cotter key is required. 


VII. LIGHTING 


The present positioning of light fixtures in the turret does not allow suf- | 
ficient light for the commander for map reading, The left forward turret fixture 
rshould be moved from existing position to central location shown in Figure 3. 
This position also provides more general illumination on main gun breech and radi 
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) % Recirculation (bulkhead doors open) gave .056% for 75 mm 


TABLE 1 
AVERAGE CARBON MONOXIDE CONCENTRATIONS WHILE FIRING THE WEAPONS IN THE woh, 


Air was sampled at the loader's position when firing the 75 mm and 
turret machine gun, and at the bow gunner’s positions while 
firing the bow gun. Data by the infrared selective gas analyzer. 
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FIG. 2 


LIMITS OF DRIVER’S GROUND VISION 


M24 TANK 
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DISTANCE FROM DRIVER’S PERISCOPE , FEET 
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FIG. 3 


DED POSITIONING —OF. TURRET 
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